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PATENT 

Attorney Docket No.: 17620R-003200US 
Client Reference No. : 91001 4US 

DMOS DEVICE HAVING A TRENCHED BUS STRUCTURE 

CROSS-REFERENCES TO RELATED APPLICATIONS 
[0001] This application claims priority from R.O.C. Patent Application No. 0921 10048, 
filed April 29, 2003, the entire disclosure of which is incorporated herein by reference. 

5 BACKGROUND OF THE INVENTION 

[0002] This invention relates to a DMOS device, and more particularly relates to a 
DMOS device having a trenched bus structure. 

[0003] The diffused metal-oxide-semiconductor (DMOS) transistor, one of the 
important power transistors, is widely used in high- voltage systems such as power 
10 suppliers and power control devices. Among many reported power transistor structures, a 
trenched power transistor is a notable design. Some reports have suggested a trenched 
power transistor has better performance than a planar power transistor in both efficiency 
and density. 

[0004] As shown in FIG. 1, a known trenched DMOS device and its gate bus are 
15 illustrated. A typical trenched transistor is illustrated on the left side of FIG. 1, comprising 
(1) a plurality of trenches 220 formed in a P substrate 210, (2) a gate oxide layer 230 in the 
device region, lining the surface of the trenches 220 and extending to cover the top surface 
of the neighboring P substrate (or body) 210, (3) a plurality of N+ source regions 250 
encompassing the DMOS trenches and extending to the top surface of the P substrate 210, 
20 and (4) a plurality of P+ regions 25 1 formed between two adjacent N source regions 250. 
The DMOS trench 220 has a bottom penetrating through an area below the P substrate 
210. The inner part of the DMOS trench is filled with a gate polysilicon 241 to form a 
gate for the power transistor. A first isolation layer 261 and a source metal contact layer 
270 cover in sequence over the gate polysilicon 241 and the gate oxide layer 230 in the 
25 device region. The source metal contact layer 270 has connections with the N source 
regions 250 and the P+ regions 25 1 . 

[0005] A typical gate bus is shown on the right side of FIG. 1, comprising (1) a 
polysilicon bus 242 formed over the P substrate 210 covered by a bus gate oxide layer 232 
and (2) a second isolation layer 262 overlying the polysilicon bus 242 and the adjacent bus 



gate oxide layer 232 in the neighborhood and having an opening to expose the top surface 
of the polysilicon bus 242. Meanwhile, a gate metal conductive line 271 is connected over 
the polysilicon bus 242. 

[0006] According to the abovementioned known trenched DMOS transistor and its gate 
5 bus structure, as shown in FIG. 2A and 2B, a lithographic process is used, after the 

deposition of the polysilicon layer 240, to form a photoresist 245 for defining a location of 
the polysilicon bus 242 in order to form the polysilicon bus 242. Then an etching process 
is performed. As shown in FIG. 3, during the etching process to form the polysilicon bus 
242, the charges and etching solution accumulate easily at the interface A of sidewalls of 

10 the polysilicon bus 242 and the adjacent gate oxide layer 230. Therefore, the gate oxide 
layer 230 at the interface A often suffers a severe etching action, so as to form micro 
trenches 300. Due to the formation of the micro trenches 300, more charges accumulate 
between the polysilicon bus 242 and the P substrate 210. It results in electric field 
breakdown of the gate oxide layer 230 at the interface A and the increase of current 

15 leakage. 

[0007] FIG. 6 illustrates a DMOS transistor and its bus structure described in U.S. Pat. 
No. 6,031,265. The bus is formed from a trenched structure instead of a conventional 
planar one. The bus trench 221 and the DMOS trench 220 are formed in the same etching. 
With the subsequent blanket deposition, the polysilicon layer 240 fills the DMOS trench 
20 220 and the bus trench 221 . Then, an etchback process is directly performed with the gate 
oxide layer 230 as an etching stop layer. Therefore, a gate polysilicon 241 and a 
polysilicon bus 242 are formed respectively in the DMOS trench 220 and the bus trench 
221. 

[0008] According to the abovementioned bus structure design, there is no need for an 
25 additional lithographic process to form the polysilicon bus 242. However, due to the easy 
accumulation of the etching solution and charges on the top surface of the polysilicon bus 
242 during the etching process of forming the polysilicon bus 242, the micro trenches 300 
are easily formed in the gate oxide layer 230 of the adjacent bus. 

BRIEF SUMMARY OF THE INVENTION 
30 [0009] Embodiments of the present invention provide a trenched DMOS device. There 
is no need for an additional lithographic process to form the gate polysilicon bus structure. 
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The early-happening electric field breakdown and the increase of current leakage, 
resulting from the formation of the micro trenches, can also be avoided. 

[0010] An aspect of the present invention is directed to a trenched DMOS device formed 
atop an N+ silicon substrate with an N epitaxial layer thereon including a device region 
5 and a bus region neighboring the device region. The device region comprises a P 

substrate, formed in the epitaxial layer and extending to a top surface thereof. A plurality 
of DMOS trenches extend downward through the P substrate from a top surface thereof 
A gate oxide layer is formed in the DMOS trenches and extends to cover the top surface of 
the P substrate. A plurality of polysilicon gates are formed in the DMOS trenches. A 

10 plurality of N+ source regions are formed in the P substrate adjacent the DMOS trenches. 
A plurality of P+ diffused regions are formed in the P substrate and each are interposed 
between two of the N+ source regions. A first isolation layer is formed over the P 
substrate to cover the polysilicon gate electrodes. A source metal contact layer is formed 
on the first isolation layer and connects to the N+ source regions and the P+ diffused 

15 regions. The bus region comprises a P substrate, formed in the epitaxial layer and 

extending to a top surface of the epitaxial layer. A field oxide layer is formed on the P 
substrate and a bus trench extends down from a top surface of the field oxide layer to a 
lower portion of the P substrate. A gate oxide layer is formed in the bus trench and 
extends to cover a top surface of the P substrate. A polysilicon bus is formed in the bus 

20 trench and has a top surface disposed at a lower level than the top surface of the field 
oxide layer. A second isolation layer covers the field oxide layer and has an opening to 
expose the polysilicon bus. A metal line is formed atop the polysilicon bus. 

[0011] In some embodiments, the P substrate of the device region and the P substrate of 
the bus region are formed by ion implantation simultaneously. The gate oxide layer of the 
25 device region and the gate oxide layer of the bus region are formed simultaneously. The 
polysilicon gate and the polysilicon bus are formed by depositing a polysilicon layer in the 
DMOS trenches and the bus trench and using the gate oxide layers as etch stop layers to 
etch the polysilicon layer. The plurality of N+ source regions are formed in the P substrate 
on opposite sides of each of the DMOS trenches. 

30 [0012] Another aspect of the invention is directed to a semiconductor device set which 
comprises at least two types of devices, each of the two types of devices having a trench 
feature. The first device comprises a gate oxide formed in the trench feature, a polysilicon 
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layer formed on the gate oxide in the trench features, a first isolation layer formed on the 
polysilicon layer and having an opening, and a metal layer formed on the first isolation 
layer and filling the opening of the first isolation layer. The second device comprises a 
dielectric layer formed adjacent an opening at a top of the trench feature on opposite sides 
5 of the trench feature, a gate oxide formed in the trench feature and over the dielectric 
layer, a polysilicon layer formed on the gate oxide in the trench feature including a space 
near the top of the trench feature with the dielectric layer disposed on opposite sides 
thereof, a second isolation layer formed on the dielectric layer, and a metal layer formed 
on the polysilicon layer. 

10 [0013] In some embodiments, the at least two types of devices are formed on a silicon 
substrate. The silicon substrate is an N substrate. The dielectric layer in the second device 
comprises a field oxide layer. 

[0014] In accordance with another aspect of the present invention, a method of forming 
a trenched DMOS device comprises providing an N+ silicon substrate with an N epitaxial 

1 5 layer thereon, and a P substrate in the N epitaxial layer extending to a top surface thereof; 
forming in a device region a plurality of DMOS trenches extending downward through the 
P substrate from a top surface thereof, and in a bus region a field oxide layer on the P 
substrate and a bus trench extending down from a top surface of the field oxide layer to a 
lower portion of the P substrate; forming a gate oxide layer in the DMOS trenches which 

20 extends to cover the top surface of the P substrate adjacent the DMOS trenches, and a gate 
oxide layer in the bus trench which extends to cover the top surface of the P substrate 
adjacent the bus trench; forming a plurality of polysilicon gates in the DMOS trenches, 
and a polysilicon bus in the bus trench, the polysilicon bus having a top surface disposed 
at a lower level than the top surface of the field oxide layer; forming a plurality of N+ 

25 source regions in the P substrate adjacent the DMOS trenches; and forming a plurality of 
P+ diffused regions in the P substrate. Each of the P+ diffused regions is interposed 
between two of the N+ source regions. The method further comprises forming a first 
isolation layer over the P substrate to cover the polysilicon gates, and a second isolation 
layer to cover the field oxide layer, the second isolation layer having an opening to expose 

30 the polysilicon bus; and forming a source metal contact layer on the first isolation layer, 
and a metal line atop the polysilicon bus, the source metal contact layer connecting to the 
N+ source regions and the P+ diffused regions. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] FIG. 1 depicts a schematic view of a conventional trenched DMOS transistor and 
a bus structure thereof. 



[0016] FIGS. 2 A and 2B depict schematic views of a lithographic process and an 
5 etching process for forming a polysilicon bus in accordance with the bus structure shown 
in FIG. 1. 

[0017] FIG. 3 depicts a schematic view of the formation of micro trenches in the gate 
oxide layer while etching the polysilicon material to form the polysilicon bus of FIG. 1. 

[0018] FIG. 4 depicts a schematic view of a trenched transistor and a bus structure in 
10 accordance with an embodiment of the present invention. 

[0019] FIGS. 5 A through 5F depict a sequence of steps for forming a trenched transistor 
and a bus structure in accordance with an embodiment of the present invention. 

[0020] FIG. 6 depicts a schematic view of another prior trenched transistor and a bus 
structure. 

1 5 DETAILED DESCRIPTION OF THE INVENTION 

[0021] FIG. 4 illustrates a trenched DMOS device in accordance with an embodiment of 
the present invention. The trenched DMOS device comprises a device region 201 and a 
bus region 202 formed on an silicon substrate 100 overlied by an epitaxial layer 200. The 
epitaxial layer 200 is doped with N dopants, and the silicon substrate 100 is doped with 

20 N+ dopants. 

[0022] The device region 201 comprises a P substrate (or body) 21 1 of the device region 
formed in the epitaxial layer 200 and extending to the surface of the epitaxial layer 200. A 
plurality of DMOS transistors is formed in the substrate 21 1 of the device region. The 
DMOS transistor comprises, at least, two DMOS source regions 250, a DMOS trench 220, 
25 a gate oxide layer 231 of the device region, a gate polysilicon 241, a first isolation layer 
261, and a source metal layer 270. 

[0023] The DMOS trench 220 extends from the top surface of the epitaxial layer 200 
down into the place below the substrate 21 1 of the device region. The gate oxide layer 
231 of the device region and the gate polysilicon 241 overlie orderly the DMOS trench 
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220 to form a gate in the DMOS trench. The gate oxide layer 231 of the device region 
extends to overlie the top surface of the adjacent P substrate 21 1 of the device region. 

[0024] The DMOS source regions 250 of N+ dopants are formed in the substrate 21 1 of 
the device region, surrounding the DMOS trench 220. The first isolation layer 261 and the 
5 source metal layer 270 overlie orderly the gate polysilicon 241 . 

[0025] In addition, a plurality of P+ regions 251 are formed in the substrate 21 1 of the 
device region. Each P+ region is located between two neighboring DMOS source regions 
250. The source metal layer 270 has connection with the DMOS source region 250 and 
the P+ region 25 1 . Thus, when the source metal layer 270 is grounded, the DMOS source 
10 region 250 and the substrate 21 1 of the device region can have a zero voltage. 

[0026] The bus region 202 comprises, at least, a P substrate 212 of the bus region, a gate 
oxide layer 232 of the bus region, a polysilicon bus 242, a second isolation layer 262, and 
a gate metal conductive line 271. 

[0027] The substrate 212 of the bus region is located in the epitaxial layer 200 and 
15 extends to the surface of the epitaxial layer 200. A field oxide layer 233 overlies on the 
substrate 212 of the bus region. A trench 221 of the bus region extends from the top 
surface of the field oxide layer 233 down to the area below the substrate 212 of the bus 
region. 

[0028] Moreover, the gate oxide layer 232 of the bus region caps the trench 221 and 
20 extends to cover the neighboring surface of the substrate 212 of the bus region. The 

polysilicon bus 242 is located in the trench 221 of the bus region. The top surface of the 
polysilicon bus 242 is located below the top surface of the field oxide layer 233. 

[0029] The field oxide layer 233 is covered orderly by the second isolation layer 262 
and the gate metal line 271. The second isolation layer 262 has an opening to connect the 
25 polysilicon bus 242 with the gate metal conductive line 271 . 

[0030] FIG. 5 A through FIG. 5E depict a sequence of steps to form the trenched DMOS 
device and its gate bus according to the present invention. 

[0031] In FIG. 5 A, first, the conventional lithographic and etching processes are 
performed to form a field oxide layer 233 on the top surface of a bus region 202 of the N 
30 epitaxial layer 200. The lithographic and etching processes can also be used to define an 
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active region. Afterward, another lithographic and etching processes are performed to 
form DMOS trenches 220 and a bus trench 221 simultaneously. 

[0032] As shown in FIG. 5B, a gate oxide layer 23 1, 232 is formed by using a high 
temperature thermal oxidation. A polysilicon layer 241, 242 is deposited to fill the DMOS 
5 trench 220 and the bus trench 221. Afterward, an etchback process for the polysilicon 
layer 241, 242 is directly performed by using the gate oxide layer 231, 232 as an etching 
stop layer to form a gate polysilicon 241 and a polysilicon bus 242. Then, P dopants are 
implanted into the N epitaxial layer 200 in order to form the P substrate 21 1 of the device 
region and the P substrate 212 of the bus region. The bottom of the DMOS trench 220 and 
10 the bottom of the bus trench 212 are located respectively below the P substrate 211 of the 
device region and the P substrate 212 of the bus region. 

[0033] As shown in FIG. 5C, a lithographic process is performed to define the position 
of the DMOS source region. N dopants are implanted into the P substrate 210 to form a 
plurality of N+ DMOS source regions 250. 

15 [0034] In FIG. 5D, an isolation layer is deposited. The lithographic and etching 

processes are performed to remove a portion of the isolation layer 261, 262 and the gate 
oxide layer 231, 232 between the two adjacent DMOS trenches 220 and between the bus 
trench 221 and the adjacent DMOS trench 220. Meanwhile, an opening is formed on the 
isolation layer 262 over the polysilicon bus 242. The above defines a gate oxide layer 231 

20 of the device region, a gate oxide layer 232 of the bus region, a first isolation layer 261, 
and a second isolation layer 262 with an opening. 

[0035] Afterward, P dopants are implanted, through the first isolation layer 261 and the 
second isolation layer 262, to form a plurality of P+ regions 251. Meanwhile, the N+ 
regions 250 are covered by the first isolation layer 261. 

25 [0036] Thereafter, the first isolation layer 261 and the second isolation layer 262 are re- 
flowed to improve the cap-fill performance of the deposition of the source metal layer 270 
in the following process. Then, a reflow-etching process is performed to increase the 
distance between the adjacent first isolation layers 261. Then, the N+ regions 250 can be 
exposed. 

30 [0037] In FIG. 5E, a metal layer is deposited. Then, The lithographic and etching 

processes are performed. The source metal layer 270 and the gate metal conductive layer 



7 



271 are defined respectively. The source metal layer 270 is used to provide connections 
with a plurality of the DMOS source regions 250 and a plurality of the P+ regions 251. 
The gate metal conductive line 271 is used to connect with the polysilicon bus 242. 
Comparing the polysilicon bus 242 of the present embodiment with that of the convention 
5 process, it is found that, as shown in FIGS. 5 A and 5B, the bus trench 221 and the DMOS 
trench 220 of the present embodiment are formed simultaneously. The gate oxide layer 
231, 232 is used as an etching stop layer. The polysilicon layer is recessed to form the 
polysilicon bus 242 in the bus trench 221 . Contrarily, as shown in FIG. 2 A and 2B, at the 
step of the conventional process with etch to form the DMOS trench, no bus trench is 
1 0 formed simultaneously. An additional lithographic process is used for defining the 

position of the polysilicon bus 242. Therefore, the present embodiment saves the cost for 
one lithographic process for defining the position of the polysilicon bus 242. 

[0038] Moreover, as shown in FIG. 3, in the conventional process with etch to form the 
polysilicon bus 242, micro trenches 300 are usually formed in the gate oxide layer 230 

15 near the sidewalls of the polysilicon bus 242. However, as shown in FIG.5B, in the bus 
structure of the trenched DMOS device of the present embodiment, the polysilicon bus 
242 is located in the bus trench 221. The bus gate oxide layer 232 is near the sidewalls of 
the polysilicon bus 242. The top surface of the polysilicon bus 242 is near the field oxide 
layer 233. Therefore, micro trenches can be avoided on the bus gate oxide layer 232. 

20 Moreover, even if micro trenches are still formed on the top surface of the field oxide 
layer 233 near the polysilicon bus 242, the performance will not be affected. Thus, the 
problems resulting from micro trenches can be solved. 

[0039] In addition, as shown in FIG. 6, according to the DMOS transistor and its bus 
structure described at U.S. Pat. No. 6,031,265, there is no need for one lithographic 

25 process to define the polysilicon bus 242 in the bus structure. However, the top surface of 
the polysilicon bus 242 is near the gate oxide layer 230. Therefore, during the etching 
process for forming the polysilicon bus 242, the etching solution and charges can easily 
accumulate on the top surface of the polysilicon bus 242. Therefore, it leads to the 
formation of micro trenches 300 on the bus gate oxide layer 232 of the top surface of the 

30 neighboring polysilicon bus 242. Contrarily, as shown in FIG. 5B, the top surface of the 
polysilicon bus 242 is near the field oxide layer 233. Therefore, micro trenches can be 
avoided on the bus gate oxide layer 232. Moreover, even if micro trenches are still formed 
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on the top surface of the field oxide layer 233 near the polysilicon bus 242, the DMOS 
performance will not be affected. 

[0040] With the example and explanations above, the features and spirits of the 
invention will be hopefully well described. Those skilled in the art will readily observe 
5 that numerous modifications and alterations of the device may be made when retaining the 
teaching of the invention. Accordingly, the above disclosure should be construed as 
limited only by the metes and bounds of the appended claims. 
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